Soft gamma-ray repeaters (SGRs) and anomalous x-ray pulsars (AXPs) are young and radio-quiet x-ray pulsars which have been rapidly spun-down to slow spin periods clustered in the range 5 − 12 s. Nearly all of these unusual pulsars also appear to be associated with supernova shell remnants (SNRs) with typical ages <20 kyr. If the unusual properties of SGRs and AXPs were due to an innate feature, such as a superstrong magnetic field, then the pre-supernova environments of SGRs and AXPs should be typical of neutron star progenitors. This is not the case, however, as we demonstrate that the interstellar media which surrounded the SGR and AXP progenitors and their SNRs were unusually dense compared to the environments around most young radio pulsars and SNRs. Thus, if these SNR associations are real the SGRs and AXPs can not be the result of a purely innate property. We suggest instead that the environments surrounding SGRs and AXPs play a key role in their development, and we explore a scenario in which the SGRs and AXPs are high velocity neutron stars spun-down by propeller effect winds driven by their interactions with co-moving ejecta from their supernova explosions. We show that such an origin can directly account for the observed properties of the SGRs and AXPs, including the clustering of their periods and their observed number in our Galaxy. We further suggest that the rapid spin-down of these neutron stars on timescales of the order of 10 kyr generates large internal stresses that lead to quakes, producing the soft gamma-ray bursts observed from SGRs.
Introduction
Soft gamma-ray repeaters (SGRs) are neutron stars whose multiple bursts of gamma-rays distinguish them from other gamma-ray burst sources (e.g Hurley 2000 for review). SGRs are also unusual x-ray pulsars in that they have spin periods clustered in the interval 5 − 8 s, and they all appear to be associated (Cline 1980; Felten 1981; Kulkarni & Frail 1993; Vasisht et al. 1994; Hurley et al. 1999a; Hurley et al. 1999c; Corbel et al. 1999; Cline et al. 1999 ) with supernova remnants (SNRs), which limits their average age to approximately 20 kyr (Braun, Goss, & Lyne 1989) . The angular offsets of the SGRs from the apparent centers of their associated supernova remnant shells indicates that SGRs are endowed with space velocities > 500 km s −1 , which are greater than the space velocities of most radio pulsars (Cordes & Chernoff 1998) . Anomalous x-ray pulsars (AXPs) are similar to SGRs in that they are radio quiet x-ray pulsars with spin periods clustered in the range 6 − 12 s, and have similar persistent x-ray luminosities as the SGRs (∼ 10 35 ergs s −1 , see e.g. Mereghetti 1999 for a recent review). Most of the AXPs appear to be associated with supernova remnants, and therefore they are also thought to be young neutron stars like the SGRs. The spin periods of both AXPs and SGRs are increasing with time (spinning-down), and show no evidence for intervals of decreasing spin period (spin-up).
The lack of identified companions at non x-ray wavelengths (Mereghetti 1999) and Doppler shifts associated with binary orbital motion (Mereghetti, Israel, & Stella 1998) , together with the problem of accelerating binaries to space velocities > 1000 km s −1 (Rothschild, Kulkarni, & Lingenfelter 1994) , imply that SGRs and AXPs are isolated neutron stars and not members of binary systems. If SGRs and AXPs spin-down primarily via the emission of magnetic dipole radiation (MDR), as do radio pulsars, then they must have surface dipole fields of ∼ 10 14 G or greater (e.g. Thompson & Duncan 1995) .
Observations of the SGRs 1806-20 (Kouveliotou et al. 1998 ) and 1900+14 Woods et al. 1999) , however, indicate that the present-day spin-down rates of these sources are inconsistent with MDR, given the ages of their associated supernova remnants. Superstrong (B > 10 14 G) magnetic fields in SGRs may be ruled out in SGRs by the presence of intense particle outflows, which drastically enhance angular momentum loss in the presence of a superstrong magnetic field (Harding, Contopoulos, & Kazanas 1999; Rothschild, Marsden, & Lingenfelter 1999a) . Nonetheless, MDR spin-down associated with a decaying superstrong magnetic field in the neutron star crust (Geppert et al. 1999 ) may be consistent with the observed ages, spin periods, and spin-down rates of SGRs and AXPs, but the magnetic field decay timescale in this scenario depends sensitively on unknown parameters of the neutron star equation of state.
Here we present a fresh look at environmental evidence which shows that the SGRs and AXPs can not be due to a purely innate property, such as a superstrong magnetic field. We show that the environments of the SGR and AXP progenitors into which their SNRs expand are the dense, warm phases of the interstellar medium (ISM), and not the hot tenuous phase of the ISM where most of the neutron-star-producing, core collapse supernovae of massive O and B stars occur and where most young radio pulsars are found. This is not consistent with a superstrong magnetic field origin of SGRs and AXPs, and instead implies that there is an environmental factor influencing the development of SGRs and AXPs. We suggest that SGRs and AXPs are in fact formed from that subset of all neutron stars which happen to be born both with high space velocities and in denser regions of the ISM, and are spun-down by their interaction with the slowed co-moving supernova ejecta and swept-up debris. Such an interaction was previously discussed by Corbet et al. (1995) and van Paradijs, Taam & van den Heuvel (1995) , who considered scenarios in which AXPs were spun down by a fossil disk captured from the co-moving supernova remnant, and more recently by Chatterjee, Hernquist, & Narayan (1999) , who considered formation of an accretion disk around an AXP from the fallback of supernova ejecta onto the neutron star. Accretion scenarios involving SGRs and AXPs were also explored by Alpar (1999) Low & McCray 1988) filled with a hot (> 10 6 K) and tenuous (n ∼ 10 −3 cm −3 ) gas. The occurrence of most supernovae in the hot phase of the ISM is confirmed from observations of nearby galaxies (van Dyk, Hamuy, & Filippenko 1996) and from studies of Galactic SNRs (e.g. Hidgon & Lingenfelter 1980) . It is estimated that 90 ± 10% of all core-collapse supernova should occur in the hot, tenuous environment (Higdon, Lingenfelter, & Ramaty 1998 ).
The environments of SGRs and AXPs are probed by the blastwaves of their associated supernova remnants, and from the size of the remnant shell as a function of the age we can constrain the external density. In Table 1 we have listed the 12 known SGRs and AXPs and their associated supernova remnant shells (Mereghetti 1999 and the references in Table 1 .). The identification of 8 of the associated remnants are based on both positional coincidences between the remnant and the SGR/AXP, and on similar distances between the SGR/AXP and its associated remnant. The probability of chance coincidence for individual associations have been estimated (e.g. Cline 1980; Felten 1981; Kulkarni & Frail 1993; Hurley et al. 1999b ) at a few times 10 −3 or less. Therefore it is very unlikely that these associations are simply chance coincidences.
We include the new tentative SGR candidate 1801-23 (Cline et al. 1999) , which may be associated with the SNR W28. The thin SGR error box passes roughly through the center of the SNR and through the compact, nonthermal x-ray source (Andrews et al. 1983 ) within the remnant. We also suggest two new AXP/SNR associations, which we have selected from the literature on the basis of positional coincidences between each AXP and a supernova remnant. The possibility of theses associations, AXP 1709-40 with the SNR G346.6-0.2 (Green 1998 and references therein) and AXP 1048-5937 with G287.8-0.5 (Jones 1973) , may have been discounted previously because they would imply a larger than average neutron star velocities. But in view of the comparable velocities implied for three of the SGRs (Table 1) , we think the possible associations should be considered. The association of AXP 1709-40 with the well defined shell remnant G346.6-0.2 (with an estimated age of ∼ 20 kyr) appears to be reasonable, since it implies a relatively modest velocity of ∼ 1000 km s −1 . A similar transverse velocity is indicated by the AXP 1048-5937/G287.8-0.5 association. The SNR G287.8-0.5 is associated with the Carina nebula, which is a region of massive star formation at a distance (∼ 2.5 pc; Thé & Vleeming 1971) comparable to the distance to AXP 1048-5937 implied by the x-ray spectral fits (Oosterbroeck et al. 1998) .
Using the SNR catalog of Green (1998) , we are unable to identify any possible remnants associated with AXPs 0720-3125 and 0142+615. For AXP 0720-3125 this is not surprising, because this source is thought to be so close (∼ 100 pc) that with a velocity of ∼ 2000 km s −1 it would have traveled ∼ 100 pc in 50 kyr and hence could have originated from any direction in the sky. In addition, the large scale radio surveys of the Galactic Plane appear to be incomplete for very large (> 1 • ) diameter remnants (e.g. Duncan et al. 1997) ,
indicating that such a remnant could easily go undetected. AXP 0142+615 is situated in or behind a molecular cloud complex (Israel, Mereghetti, & Stella 1994; White et al. 1996) , and if its associated remnant expanded in high density material it may simply have passed into the radiative phase and faded below the surface brightness detection threshold.
Therefore the detection of the remnants associated with both AXP 0720-3125 and AXP 0142+615 would be highly problematic, and we can not assign meaningful limits to the physical size of their (unknown) associated remnants, given the present data. We encourage new deep observations of the regions surrounding these objects to look for associated supernova remnants.
The radii of the associated SNR shells are determined from the measured angular diameters of the shells and their estimated distances. All of the sources distances were determined from absorption measurements or Galactic kinematic arguments (see references in Table 1 ), rather than from the SNR surface brightness/diameter relationships. We did this so as not to bias the SNR sizes toward SNRs in the dense ISM, which is where most of the observed radio SNRs are located (e.g. Higdon & Lingenfelter 1980; Kafatos et al. 1980) , since SNRs expanding in the tenuous hot ISM disappear below the surface brightness detection threshold much sooner than those in the denser ISM (e.g. Gull 1973 ).
The estimated ages of the SNRs associated with the SGRs and AXPs (see references for individual objects in Table 1 ) are probably accurate to within a factor of ∼ 2. The usual radio pulsar timing ages (0.5P/Ṗ ) appropriate for spin-down due to MDR do not seem to be appropriate for SGRs and AXPs because they yield age estimates which are inconsistent with the ages of the associated supernova remnants for at least three of the sources (SGR 1806-20, Kouveliotou et al. 1998; SGR 1900+14 Marsden, Rothschild, & Lingenfelter 1999 and AXP 2259+286, Corbet et al. 1995) . In addition, the only SGR/AXPs for which pulsar braking indices have been measured directly from pulsar timing have braking indices which are inconsistent with MDR (n >> 3 for AXP 1709-40 and AXP 2259+586: Kaspi,
Chakrabarty, & Steinberger 1999).
Most of the SGR/AXP positions are significantly displaced from the apparent centers of their associated SNRs, as can be seen in Table 1 from the ratio of the neutron star angular displacement θ * divided by the angular radius θ SN R of the remnant shell. These displacements clearly indicate that the SGR/AXPs have large transverse velocities.
There is considerable uncertainty in the actual velocities, however, because the estimated remnant ages are probably uncertain by a factor of two in most cases, which introduces a corresponding uncertainty in the transverse velocities. In addition, the actual space velocities of the SGR/AXPs are larger by an unknown factor dependent on the viewing angle. Nonetheless, the data suggest that the typical SGR/AXPs are of the order of 1000 km s −1 . Such velocities, while much larger than the typical neutron star velocities, are not unprecedented, as ∼ 10% of radio pulsars may have space velocities of 1000 km s −1 or greater (Cordes & Chernoff 1998) . We conclude, therefore, that the SGRs and AXPs are a high velocity subset of young neutron stars.
In Figure 1 we have plotted the SNR shell radii R SN R as a function of the estimated age We see that in spite of uncertainties in the remnant ages, all of the supernova remnants associated with SGRs and AXPs clearly reside in the denser phases (n > 0.1 cm −3 ) of the ISM, where < 20% of the neutron star producing supernovae occur. In order to make these SNR radii consistent with the radii expected for typical neutron stars, the distances of all of the SNRs would have to be systematically increased by > 300%. Such an increase would place several of the SNRs well outside the Galaxy, and greatly exceeds the typical ∼ 10% to 30% (e.g. Corbel et al. 1997 , Claussen et al. 1997 ) uncertainties in the distance determinations. Moreover, OH maser emission, attributed to SNR shock interactions in molecular clouds, has been detected (Frail et al. 1996; Green et al. 1997 ) from molecular clouds thought to be associated with half of these SNRs (CTB 33, Kes 73, W 28, G10.0-0.3, and G346.6-0.2), and the SNRs CTB 109 (e.g. Huang & Thaddeus 1985; Tatematsu et al. 1987 ) and G 287.8-0.5 (Jones 1973) are also thought to be associated with molecular clouds. Such associations with molecular clouds strongly supports the hypothesis that the supernova remnant shells associated with SGRs and AXPs are expanding in high density environments. We therefore conclude that the SGRs and AXPs are an environmentally atypical subset of young neutron stars.
Comparison of SGRs/AXPs to Young Radio Pulsars
More direct evidence that neutron stars are preferentially born in the diffuse phase of the interstellar medium can be seen from a similar comparison of supernova remnants associated with young isolated radio pulsars listed in the catalogs of Taylor, Manchester, & Lyne (1993) and Taylor et al. (1995) . Assuming that the pulsar's timing age is similar to the true age, the sample was cut off at an age of ∼ 30 kyr so as to be comparable to the age range in the SGR/AXP sample. The MDR timing ages of radio pulsars, unlike those for the SGRs and AXPs, are though to be good measures of their true ages (e.g. Cordes & Chernoff 1998) . The observed and derived parameters for the young radio pulsars are listed in Table 2 , with references to the timing data, distances, and SNR shell radii. A plot of the supernova remnant shell radii versus age for the radio pulsars is shown in Figure 2 .
The supernova remnant shells of many of the young pulsars in Table 2 have not been detected in large scale radio surveys of the Galactic Plane (see e.g. Whiteoak & Green 1996; Reich et al. 1984; Duncan et al. 1997) , or in deep radio observations of the fields surrounding young pulsars (e.g. Braun, Goss, & Lyne 1989; Frail, Goss, & Whiteoak 1994) . For these pulsars, we found no likely associated SNRs in the Green (1998) catalog within a search radius corresponding to a transverse velocity of as much as 2000 km s −1 , assuming the estimated distances and timing ages for these sources listed in Table 1 . Since the Green (1998) SNR catalog is more or less complete (Whiteoak & Green 1996) down to a limiting surface brightness, the missing SNRs for these objects have probably expanded such that their surface brightnesses have faded below the limiting surface brightness of the radio surveys of the Galactic plane. We therefore assume that the radio shells of the remnants associated with these pulsars have expanded beyond this detectability threshold, and following Braun, Goss, & Lyne (1989) we assign lower limits of 30 pc to the undetected remnants (except for the Crab, for which we use a lower limit of 10 pc for the remnant radius; Frail, Goss, & Whiteoak 1994) corresponding to these pulsars. We clearly see from 
The Significance of the Environmental Evidence
From the discussion in § 2., we saw that neutron stars should preferentially reside in the diffuse (n < 0.01 cm −3 ) gas which constitutes the hot phase of the interstellar medium.
From examining a sample of young radio pulsars, we find that ∼ 80% of the pulsars appear to be residing in the hot interstellar medium -verifying this assumption. As seen from Figure 1 , however, the SGRs and AXPs tend form in denser regions of the interstellar medium. Given the entire sample of AXPs and SGRs, the probability that this is merely due to chance depends on the the ability to detect supernova remnants in the different phases of the interstellar medium. For the SGRs, the detection sensitivity is independent of the interstellar medium, because they are detected via their bright gamma-ray/x-ray bursts.
Therefore, using only the SGRs yields a chance probability of less than (0.2) 5 ∼ 10 −4 , if one accepts the tentative W28/SGR 1801-23 association, and ∼ 10 −3 if one excludes SGR 1801-23 from the SGR sample. The AXPs are also preferentially in the dense phase, which further lowers the chance probability for the class as a whole. The evidence then suggests that the environments surrounding SGRs and AXPs are significantly different than "normal" neutron stars in a way which is inconsistent with the hypothesis that the properties of these sources derive solely from an innate characteristic such as a superstrong magnetic field.
Because the SNRs associated with SGRs and AXPs are expanding in denser phases of the ISM, they have been slowed down from their high initial expansion velocities to typical expansion velocities of ∼ 500 − 2000 km s −1 , as can be seen from the constant velocity traces in Figure 1 . The ejecta and shells of these SNRs thus have velocities comparable to those of the SGR/AXPs, as implied by their displacement. Recognizing this fact, has recently argued that most of the SGR/SNR associations are likely spurious because they imply neutron star velocities (>500 km s −1 ) which are much larger than the average radio pulsar velocities, and hence the values of θ * /θ SN R > 1 implied by the SGR/SNR associations are highly unlikely, given the observed distribution of θ * /θ SN R for radio pulsar/SNR associations. We suggest that this discrepancy is not a problem, but instead provides clear clues that: 1) the environments surrounding the SGR/AXP progenitors were denser than for radio pulsars progenitors (yielding smaller θ SN R values); and 2) the space velocities of SGRs/AXPs are higher than radio pulsars. These observational facts imply that the rapid spin-down of the SGR/AXPs may result from their interaction with co-moving ejecta and swept-up ISM material.
Interactions Between Young Neutron Stars and Their Environments
Although the exact mechanism by which neutron stars are given substantial "kick" velocities at birth is not known, observations show that the kick velocities exceed 500 km s −1 in approximately ∼ 20% of all neutron stars (Cordes & Chernoff 1998) . In addition,
this kick velocity appears to be independent of the dipole moment of the neutron star,
as indicated by population studies of isolated radio pulsars (Cordes & Chernoff 1998; Deshpande, Ramachandran, & Radhakrishnan 1999) , and observations of extremely high velocity stars with "canonical" neutron star magnetic fields of ∼ 10 12 G (e.g. PSR B2224+65: Romani. Cordes, & Yadigaroglu 1997) . A high velocity (but otherwise normal) neutron star will intercept significant amounts of dense supernova ejecta very early in its life if the external density is high. This situation was considered by Shull, Fesen, & Saken (1989) to explain the apparent rejuvenation of old supernova shells by the magnetic dipole radiation (MDR) wind of particles emanating from a rapidly rotating pulsar. Shull, Fesen, & Saken (1989) found that the pulsar can catch up with the shell from its supernova after a time t c ∼ 14(E 51 /n) 1/3 V −5/3 1000 kyr, where E 51 is the supernova energy in units of 10 51 ergs and V 1000 is the neutron star velocity in units of 1000 km s −1 . It seems likely, however, that additional interaction between the neutron star and its remnant can occur much earlier than this, as the fast-moving star intercepts ejecta slowed down by the supernova reverse shock (e.g. Chevalier 1982) . Assuming a total ejecta mass of 10M ej10 M ⊙ , this will occur at a time ∼ 4.6(2.3)E 51 −1/2 n −1/3 M 5/6 ej10 kyr since the explosion, for a neutron star velocity of 1000 (2000) km s −1 and uniformly distributed ejecta and external densities (Truelove & McKee 1999) . Thus even for the youngest AXP/SGR source 1E 1841-045 (with an age of ∼ 2 kyr and n ∼ 10 cm −3 ), it is plausible that significant interaction between the neutron star and its remnant may have occurred if the space velocity of the neutron star is ∼ 1000 km s −1 or more.
A rotating and magnetized neutron star can spin-down rapidly by interacting with the dense supernova ejecta via the "propeller mechanism" (Illarionov & Sunyaev 1975; Wang & Robertson 1985) , in which gravitationally-captured material is accelerated and flung off in a wind from the neutron star by the rapidly rotating pulsar magnetosphere. For propeller spin-down to occur, the co-rotation velocity of the magnetosphere must exceed the local orbital velocity at the magnetospheric radius. The spin-down torque on the neutron star provided by this mechanism is proportional toṀ R 2 m Ω (Wang & Robertson 1985) , wherė M is the mass infall rate incident on the magnetosphere, R m is the magnetospheric radius at which the magnetic pressure equals the external pressure, and Ω is the angular velocity of the neutron star. Calculations (Wang & Robertson 1985) indicate that a spin-down timescale of ∼ 10 3 yr -consistent with the ages of the SGRs/AXPs -requires a mass infall rate of ∼ 10 16 g s −1 , for a magnetic field of ∼ 10 12 G. If ∼ 10% of this infalling matter is able to leak "through the field lines" (Arons & Lea 1976) onto the surface of the star, the resulting x-ray luminosity will be L x ∼ (0.1)(0.1)Ṁc 2 ∼ 10 accretion disk which can be captured from the co-moving supernova ejecta by a neutron star. Clearly, however, much more detailed calculations need to be made of the expected accretion rates of fast pulsars interacting not only with the H gas of the progenitor envelope and swept-up ISM, but with all the heavier metals and dust grains in the ejecta of the slowing SNRs, incorporating the varying ranges of both thermal and turbulent velocities within the ejecta.
SGR and AXP Spin-down Evolution
We now explore this model in more depth, to compare the expected and observed periods, period derivatives, and ages of the SGRs and AXPs. We assume that the subset (< 4%) of neutron stars, born both with high velocity (20%) and in the denser ISM (< 20%), can acquire an accretion disk from co-moving supernova ejecta and swept up material from the interstellar medium. The arguments of the previous section can be used to determine the evolution of the period (P ) and period derivative (Ṗ ) of the SGRs and
AXPs as a function of time, under the simplifying assumption that the mass infall ratė M from the captured accretion disk is constant. Neglecting torques due to gravitational radiation and other effects, the torque on the neutron star is given by
where I is the moment of inertia of the neutron star, andΩ M DR andΩ w are the torques on the star due to magnetic dipole radiation and propeller wind emission, respectively. The spin-down rate due to radiation from a rotating magnetic dipole (e.g. Manchester & Taylor 1977 ) isΩ
where R is the radius of the neutron star, and the spin-down rate due to the wind outflow is (Wang & Robertson 1985 
where k is a constant of order unity (Wang & Robertson 1985) and R M is the magnetospheric radius, which is given by (e.g. Illarionov & Sunyaev 1975 )
for a 1.4M ⊙ star of radius R = 10 km. The expression for the wind spin-down rate given in equation (2) is valid in the limit R M > R c , where R c ∼ 1.7 × 10 8 P 2/3 cm is the co-rotation radius for a 1.4M ⊙ star (for a spin period is P s). The condition R M > R c is satisfied for stars rotating faster than their equilibrium spin periods, at which the torque goes to zero due to the lack of differential velocity between the magnetosphere and the accreting matter.
The clustering of SGR and AXP spin periods in the range 5 − 12 s has suggested (van Paradijs et al. 1995; Mereghetti 1999 ) the existence of such an equilibrium period at which these sources settle for long periods of time. As we see from the above equations, the spin equilibrium occurs when the magnetospheric radius equals the co-rotation radius, which occurs at a period P eq ≈ 9.2B 12 6/7Ṁ −3/7 16 s.
As the star approaches P eq from below (P < P eq ), the spin-down rate will decrease as the star settles into equilibrium between spin-up and spin-down (e.g. Davidson & Ostriker 1973) . Subsequent spin-down will probably occur first on a disk dissipation timescale of ∼ 100 kyr (Ghosh, Angelini, & White 1997) , as the accretion rate decreases, and then finally by magnetic dipole radiation alone after the disk dissipates. Equilibrium periods are a unique feature of accretion-based spin-down models, and are not found in spin-down models which rely exclusively on MDR (Geppert et al. 1999) or combined MDR and Alfvén wind spin-down torques (Thompson et al. 1999; Harding, Contopoulos, & Kazanas 1999) .
Spin-down curves for constantṀ outflows are shown in Figure 3 , for various values of B and L w =Ṁc 2 . The age t for a given period P = 2π/Ω < P eq is given by
where Ω 0 and P 0 are the initial angular frequency and period, respectively, and
M DR /Ω 3 and a = −Ω w /Ω. For simplicity, we used P 0 = 2π/Ω 0 = 0.01 s in all the age calculations, since this is roughly the magnitude of the period of the high velocity pulsars when they start to co-move with supernova ejecta slowing in the denser ISM, and the propeller spin down is expected to begin withṖ w >Ṗ M DR . As discussed above, once P > P eq the spin-down is uncertain and we assume that the spin-down rate abruptly goes to zero as equilibrium is reached. Figure 3 also shows the spin-down curves from equation (5) in the limit L w → 0, corresponding to pure MDR spin-down (dotted lines).
Increasing the magnetic field and the wind luminosity increases the torque and decreases the age, but these two parameters have opposite effects on the equilibrium period, as can also be see from equation (4). This important feature has the effect of clustering the equilibrium periods about a restricted range in periods for a given age. This is illustrated in Figure 4 , which shows a contour plot of the spin-down age from equation (5) Figure 4 is the ±1σ range of magnetic field strengths of radio pulsars obtained by fitting the distribution of log B (Taylor, Manchester, & Lyne 1993; Taylor et al. 1995 ) to a Gaussian. The range of wind luminosity (L w ∼ 10 37 − 10 38 ) implied by the SGR and AXP data corresponds to mass infall rates of ∼ 10 16 − 10 17 g s −1 , which are in the range of accretion rates inferred for neutron star binaries (e.g. Bildsten et al. 1997) , and as seen in Figure 5 the two classes of objects overlap in (P,Ṗ ) space.
In Figure 5 we transform the spin-down curves of Figure 3 into evolutionary tracks in (P,Ṗ ) space for the values of B andṀ indicated by the star symbols in Figure 4 .
On the right panel, we show the same plot contours with the radio pulsar data (Taylor, Manchester, & Lyne 1993; Taylor et al. 1995) and the timing parameters of the SGRs and AXPs (Mereghetti 1999 for the AXPs; Kouveliotou et al. 1998 for SGR 1806 and Woods et al. 1999 overplotted. In the second panel we have also display data points (Bildsten et al. 1997) for the x-ray binary pulsars GX 1+4, 4U 1626-67, Her X-1, OAO 1657-415, Cen X-3, Vela X-1, GRO J1948+32, and GRO J1008-57. For these pulsars, the data points in Figure 5 correspond to average spin-down rates for these sources (Bildsten et al. 1997) . In both panels of Figure 5 , the contours of constant magnetic field appropriate for pure MDR spin-down (B = 3.2 × 10 19 √ PṖ G; e.g. Manchester & Taylor 1977 ) and the radio pulsar "death line", where the radio pulsar mechanism breaks down in the magnetosphere (e.g. In this simple model of the spin-down of the SGRs and AXPs we have ignored some factors which effect the results. For example, the turnoff in the spin-down from MDR spin-down to propeller spin-down in Figure 5 is complicated by the fact that the expression for the magnetospheric radius in equation 3 changes for R M > R lc , where R lc = c/Ω is the light cylinder radius (Lipunov 1992) . Since the magnetic field lines do not co-rotate with the neutron star beyond the light cylinder, the propeller wind may not be as effective in slowing down the star for R M > R lc . This might reduce the spin-down efficiency at early times for periods P < 0.16B
4/7 12Ṁ
−2/7 16 s, which could slightly delay the turn on of effective propeller winds in Figure 5 . In addition, the gravitational capture of matter by the neutron star will be inhibited if the luminosity of the pulsar's magnetic dipole radiation exceeds the Eddington luminosity, which occurs for periods less than P ∼ 0.02B 12 1/2 s. The effect of this cutoff on our results may be small, however, because the MDR turnoff in Figure 5 occurs only slightly earlier than this period. It's possible that this may be the reason why the pulsars J1646-4346, J1856+0113, and J1801-2451 failed to develop into SGRs or AXPs despite the fact that their remnants appear to be expanding into ISM densities comparable to the densities surrounding some of the SGR and AXP remnants (at least one of these pulsars -PSR J1801-2451 -also has a high space velocity of > 1000 km s −1 : Frail, Kassim, & Weiler 1994) . The magnetic fields of these three pulsars also happen to be significantly greater than most radio pulsars (4 − 8 × 10 12 G), which may inhibit accretion due to super Eddington MDR winds early in the life of pulsar. Adequately addressing these issues with more complicated models is beyond the scope of this paper, and will be left for future work (see e.g. Chatterjee, Hernquist, & Narayan 1999).
Observable Consequences of SGR and AXP Spin-down
The propeller wind spin-down model is also consistent with other observed features of SGRs and AXPs. The spin-down rates of SGRs and AXPs are known to be "bumpy" -i.e.
P in some sources can fluctuate by a factor of ∼ 2 or more (Corbet et al. 1995; Kouveliotou et al. 1998; Oosterbroeck et al. 1998; Woods et al. 1999 ) on timescales of months to years. These fluctuations in the spin-down rate are similar in magnitude and timescale to torque noise fluctuations (Baykal & Swank 1996) seen from neutron stars spinning-down due to accretion torques (e.g. Bildsten et al. 1997;  although for a different interpretation see e.g. Melatos 1999) . The x-ray flux from SGRs and AXPs can similarly vary by factors of ∼ 2 on timescales similar to theṖ variability timescales (Corbet et al. 1995; Oosterbroeck et al. 1998; . X-ray variability is also a characteristic of accreting systems (e.g. Bildsten et al. 1997 ), but is not characteristic of pulsars spinning-down by magnetic dipole radiation torques (e.g. Becker & Trümper 1997) .
The existence of a spin-equilibria can also plausibly explain some of the differences between SGRs and AXPs, if one assumes that the SGRs are presently spinning-down towards equilibrium while AXPs are at or much closer to their equilibrium periods. This assumption is supported by the rapid spin-down rates of the SGRs 1806-20 (Kouveliotou et al. 1998 ) and 1900+14 (Marsden, Rothschild, & Lingenfelter 1999 , which are a factor of ∼ 2 or more times faster than the fastest braking AXP (1048-5937: Oosterbroeck et al. 1998 ). The faster spin-down of the SGRs implies a much higher braking torque on the neutron star crust, and we suggest that this rapid (< 10 kyr) spin down of neutron stars with initial rotation energies > 10 50 erg (for initial P < 0.01 s) can produce stresses and drive starquakes that produce the observed SGR bursts (Blaes et al. 1989; Ruderman 1991) . Such bursts have not been seen from the AXPs, which may have already passed through the rapid spin-down of the SGR phase and have now nearly ceased to spin down and are essentially coasting near their equilibrium periods.
The differences between the quiescent x-ray spectra of SGRs and AXPs may be the result of their different spin-down regimes as well. The persistent spectra of SGRs are characterized by a non-thermal power law of photon index ∼ 2.2 (e.g. Sonobe et al. 1994) , while the AXPs are characterized by a two component x-ray spectrum composed of a blackbody and a much softer powerlaw of photon index > 3 (e.g. White et al. 1996) . The harder powerlaw emission from the SGRs can be plausibly be explained by x-ray emission from the propeller winds (Wang & Robertson 1985) , which have been observed to produce hard x-ray powerlaw spectra in neutron star binary sources (e.g. Zhang et al. 1998 ). The observed spectra of the SGR bursts can be explained (e.g. Ramaty, Lingenfelter & Bussard 1981; Liang 1981) by synchrotron and Compton emission in typical pulsar magnetic fields of ∼ 10 12 G by electrons continuously accelerated in v × B fields by starquake driven oscillations. The burst durations of ∼ 0.1 s are also consistent with the expected damping times of these oscillations (Ramaty et al. 1980; Lindblom & Deteiler 1983; Blaes et al. 1989 ).
The observed spin-down braking indices are also consistent with the assumption that SGRs are spinning-down rapidly towards equilibrium while the AXPs are essentially at equilibrium. Since the spin-down of the SGRs will be dominated by the propeller winds, the pulsar braking index n will be ∼ 1, whereΩ ∝ Ω n is the generic braking index relation for pulsars (e.g. Manchester & Taylor 1977) . This is much smaller than the value n = 3 expected for pure MDR spin-down, as can be seen from equation (1), and braking indices of ∼ 1 have been inferred (using the SNR age instead of measuringΩ) for SGRs 1900+14 ) and 1806 -20 (Rothschild, Marsden, & Lingenfelter 1999b . On the other hand, the braking index for AXPs will be much higher, with n >> 3, if they are very close to their equilibrium periods, becauseΩ will be vanishing as the sources settle into spin-equilibrium, and since n = −ΩΩ/Ω 2 (e.g. Manchester & Taylor 1977 ). The two AXPs for which braking indices have been measured directly by
x-ray pulse timing are AXP 1709-40 and 2259+586 (Kaspi, Chakrabarty, & Steinberger 1999) , which have measured braking indices of n = 107 ± 26 and 3300 ± 1400, respectively.
Although the low measured timing noise during these observations (Kaspi, Chakrabarty, & Steinberger 1999) is not typical of accreting pulsars, the high values of the braking indices for these AXPs supports the idea that these sources are close to spin equilibrium.
The Numbers of SGRs and AXPs
The number of SGRs and AXPs provide additional support for the hypothesis that (11) of Galactic SGRs and AXPs, supporting the hypothesis that the formation of SGRs and AXPs is determined simply by their environments and velocities.
Summary
We have shown that soft gamma-ray repeaters (SGRs) and anomalous x-ray pulsars Shull, Fesen, & Saken (1989) , and the dotted lines denote the tracks of neutron stars born at the origin of the supernova explosion with varying space velocities. These data indicate that these objects are preferentially formed in the dense phase of the interstellar medium (ISM), which suggests that the environment, and not a purely intrinsic property such as a superstrong magnetic field, is a controlling factor in the development of the SGRs and AXPs 
